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ABSTRACT  
The present study investigated the aerodynamic characteristics of different Cantonese tones 
produced by 30 native Cantonese adults (15 males and 15 females). Embedded in a carrier 
phrase, the syllables /ji/ and /si/ produced at different Cantonese tones were used for airflow 
measurements, while the /iphiphi/ syllables were used for air pressure measurements. Results 
revealed that (1) the estimated subglottal pressure of tone 2 was significantly higher than the 
other tones; (2) the average airflow rate of tone 4 was significantly lower than the other tones; 
(3) males demonstrated significantly greater airflow rate than female; but not for subglottal 
pressure measurements. The present study provided normative airflow and subglottal 
pressure data for different Cantonese tones. 
 - 2 - 
INTRODUCTION 
The aerodynamic characteristics during phonation in normal and dysphonic speakers 
have been studied extensively (Lieberman, Knudson & Mead, 1969; Löfqvist, Carlborg & 
Kitzing, 1982; Rubin, 1986; Yiu, Yuen, Whitehill & Winkworth, 2004). Previous research 
aimed at understanding the underlying anatomy and physiology during phonation by 
measuring a variety of aerodynamic parameters. These parameters included airflow, 
subglottal air pressure and glottal impedance. By comparing transglottal air pressure with 
transglottal airflow, the ratio can be used to estimate the glottal impedance which indicates 
the amount of resistance the vibrating glottis has toward outward airflow. As a result, high 
glottal impedance could imply the need for high transglottal pressure for phonation, which 
was related to increased stiffness of vocal folds, and perceptually may indicate hyper-
functional voice. On the contrary, high airflow values are usually related to hypofunctional 
voice, such as breathy voice. 
While many studies have reported the aerodynamic characteristics of English, few 
investigated the aerodynamic characteristics of a tone language such as Cantonese. The 
airflow and air pressure values associated with difference lexical tones are not known. 
Knowledge of airflow and air pressure characteristics of different lexical tones of a tone 
language allows us to develop better and more effective clinical batteries in diagnosing and 
evaluating treatment efficacy for various laryngeal pathologies. 
 
Aerodynamic characteristics of different languages  
During phonation, the adducted vocal folds are set into periodic cycles of opening and 
closing (Zemlin, 1998). Such periodic opening and closing of the adducted vocal folds can be 
explained by the Myoelastic-Aerodynamic Theory (Raphael, Borden & Harris, 2007). 
According to the theory, vocal fold opening is started by subglottal pressure that is 
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sufficiently high, known as the phonation threshold pressure (PTP). Prior to phonation, the 
pressure underneath the vocal folds gradually increases as vocal folds are adducting. Once 
subglottal pressure achieves the PTP, the adducted vocal folds start to open (Baken & 
Orlikoff, 2000). Previous studies have confirmed that glottal vibration can start even before 
the complete adduction of the vocal folds is achieved, yielding a soft attack (Zemlin, 1998). 
Closing of the vocal folds is accomplished by (1) the elasticity of twisted vocal fold tissues, 
and (2) the negative Bernoulli pressure between the two folds sucking the vocal folds to the 
midline. Accordingly, vocal fold vibration during phonation is not initiated by vocal fold 
muscles themselves, but by the underlying aerodynamic events. 
The rate and pattern of vocal fold vibration can be affected by aerodynamic events 
such as subglottal and intraoral pressure, glottal impedance and airflow rate (Behrman, 2007; 
Granqvist, Hertegard, Larsson & Sundberg, 2003; Lieberman, Knudson & Mead, 1969). 
Airflow rate and subglottal pressure have been of interest to researchers as they reveal the 
fundamental relationship between the laryngeal and respiratory systems (Zemlin, 1998). 
Airflow rate and intraoral air pressure values are the direct result of the intricate coupling 
between the two systems. According to the aerodynamic Ohm’s law, transglottal pressure 
differential and airflow rate can be used to calculate glottal impedance (Baken & Orlikoff, 
2000). Glottal impedance generally indicates the amount of resistance the vibrating larynx 
provides to the stream of outward airflow during speech production. It is directly related to 
the rate and pattern of glottal vibration, and indicative of the healthiness of vocal fold 
function. Diagnosis can thus be made based on glottal impedance measurement; abnormally 
high or low glottal impedance may indicate some kind of vocal pathologies (Colton & Casper, 
2006). 
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Acoustic properties of Cantonese tones 
Cantonese is a tone language in which tone is phonemic. Lexical tone plays an 
important role in determining the meaning of a word; in a way similar to how vowels and 
consonants may segmentally define the meaning of a word. According to Bauer and Benedict 
(1997), tone is the suprasegmental feature used to differentiate one word from another. The 
same Cantonese syllable carries different meanings if produced at different tone levels. There 
are six phonemic tones in Cantonese: high-level /55/, high-rising /25/, mid-level /33/, low-
falling /21/, low-rising /23/, and low-level /22/. For easy notation, they are named tone 1 to 
tone 6 respectively. The importance of lexical tones in Cantonese phonological system is 
perhaps reflected by the fact that Cantonese-speaking children tend to acquire all the tones at 
an early age. According to So and Dodd (1995), most normally-developing Cantonese 
children were proficient in tone comprehension and production by the age of two. 
The relationship between perceptual and acoustic characteristics associated with 
Cantonese lexical tones has been studied to a great extent (e.g., Barry & Blamey, 2004; 
Francis, Ciocca & Ng, 2003; Ng, Gilbert, & Lerman, 2001). Cantonese tones were found to 
be closely correlated perceptually with the perceived pitch, and acoustically with the 
fundamental frequency (f0) (Bauer & Benedict, 1997). f0 is a measurement of the rate at 
which vocal folds are vibrating during phonation (Raphael et al., 2007). The faster is the rate 
of vocal fold vibration, the greater is the f0 value, the higher is the perceived pitch, and the 
tone will sound higher. Tone production depends on the laryngeal system, and only remotely 
affected by other articulators such as lips and tongue (Zemlin, 1998). 
 
Physiology of changes in Fundamental Frequency 
Previous studies have shown that f0 can be affected by a number of factors including 
tension, elasticity and mass of vocal folds (Raphael et al., 2007). Vocal fold tension plays a 
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significant role in changing pitch. To elevate pitch during phonation, the vocal folds are 
elongated by increased activity of the cricothyroid muscle, and they become more tense and 
less elastic (Zemlin, 1998). As a consequence, the rate of vocal fold vibration and f0 increase 
(Raphael et al., 2007). Secondly, the behavior of vocal folds is influenced by the pressure 
difference across the glottis, known as the transglottal pressure differential (Zemlin, 1998). 
According to Zemlin (1998), transglottal pressure differential can be calculated by 
subtracting supraglottal pressure from subglottal pressure. If transglottal pressure differential 
is sufficiently positive (subglottal pressure is sufficiently greater than supraglottal pressure), 
vocal folds will be set into vibration (Raphael et al., 2007). The opening of the adducted 
vocal folds during phonation allows equalization of pressure across the glottis. As soon as air 
molecules start to escape through the glottis, subglottal pressure decreases and transglottal 
pressure differential drops. This facilitates the quick closing of the open vocal folds, mainly 
contributed by the muscle elasticity of twisted vocal folds and Bernoulli force mentioned 
previously (Zemlin, 1998). Furthermore, it has been found that transglottal pressure 
differential can be affected by articulation. According to Zemlin (1998), it has been found 
that fricatives exhibited smaller transglottal pressure differential than plosives since 
constrictions in the supraglottal area lead to an increase in supraglottal pressure. Meanwhile, 
Rubin (1986) noted that f0 increases with higher subglottal pressure when intensity was kept 
constant; f0 increases with varied airflow. 
According to the above discussion, lengthening of vocal folds and increase of 
transglottal pressure differential can affect the rate of vocal fold vibration. It follows that tone 
level of a sound which is related to f0 can be affected by aerodynamic events, such as the 
transglottal pressure differential. Yet, no study has reported airflow rate and air pressure 
characteristics associated with different tones of Cantonese. It is still not known how 
aerodynamic events such as subglottal pressure and transglottal airflow affect production of 
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tones in a tone language. There is a paucity of information regarding how Cantonese tones 
and aerodynamic parameters are related. 
The present study attempted to measure the airflow and air pressure values associated 
the syllables /ji/ and /si/ produced at different tones of Cantonese. In addition, subglottal 
pressure associated with different Cantonese tones was estimated from the /iphiphi/ syllable. 
Previous studies indicated that airflow and air pressure values were higher for tones of high 
register. It was anticipated that airflow and air pressure values would be higher for tones with 
higher f0 when compared to the tones with lower f0.  
The findings would provide a description of key aerodynamic characteristics of tone 
production by normal Cantonese adults. In addition to understanding the linguistic function 
and physiological control in tone production, the norms developed would assist in assessing 
and managing Cantonese-speaking patients with different types of vocal and tonal problems. 
This is particularly true when instrumental assessments are becoming increasingly popular. 
With these purposes, the present study would be limited to two research questions: 
1. How do different tones differs in terms of airflow and extrapolated subglottal pressure? 
2. Does gender affect the measurement of airflow and extrapolated subglottal pressure? 
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METHOD 
Subjects 
Thirty adult speakers (15 males and 15 female) with ages ranging from 19 to 38 years 
(mean age = 23.43 years) participated in the present study. All subjects completed a case 
history and confirmed that they had no reported history of respiratory, phonatory, and/or 
auditory problems. In addition, all speakers were monolingual native speakers of Cantonese 
who had been residing in Hong Kong for at least ten years. To obtain natural productions of 
Cantonese, all subjects had no prior training in phonetics or linguistics. They served to 
provide a norm for adult Cantonese speakers. 
Speech Materials 
The speech materials included 12 meaningful Cantonese monosyllabic words formed 
by the /ji/ and /si/ syllables produced at six Cantonese tones. Similar to the study reported by 
Francis et al. (2003), each monosyllabic word was produced in a carrier phrase /ŋɔ wui tʌk 
_____ peı neı thɛŋ/ (“I will read _____ to you”). The vowel /i/ was chosen in compliance with 
the criteria mentioned by Smitheran and Hixon (1981), including the complete closure of the 
velopharyngeal port during speech production. Moreover, production of the vowel /i/ did not 
involve lip-rounding, all other variables that may affect airflow rate and air pressure except 
tones were excluded. 
To assess the subglottal pressure associated with different Cantonese tones, the 
syllable /iphiphi/ was also produced at the six Cantonese tones by the speakers. Using the 
method of extrapolation and abrupt airflow interruption, such syllable allows the researchers 
to estimate the subglottal pressure non-invasively (Smitheran & Hixon, 1981; Löfqvist et al., 
1982). The technique of abrupt airflow interruption is based on the findings that during 
productions of voiceless stops, oral and nasal cavity are closed while the vocal folds abducted 
(Smitheran & Hixon, 1981). Therefore, subglottal pressure and intraoral pressure are 
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equalized during the /p/ portion. The present study made use of such non-invasive measures 
of intraoral pressure to estimate the subglottal pressure of different tones. 
Instrumentation and Measurements 
Airflow and air pressure measurements were obtained by using an Aerodynamic 
System (Glottal Enterprises, MS-110) via a wide-band and low-frequency transducers 
attached to a circumferentially vented pneumotachograph mask. The airflow and air pressure 
signals were recorded and digitized by using the System and stored on a computer. 
Procedure 
Prior to the actual recording, the aerodynamic system was carefully calibrated 
following the user’s manual using the Glottal Enterprises airflow and air pressure calibration 
units (Glottal Enterprises, PCU-1 and FCU-1). Calibration signals for airflow and air pressure 
were recorded and stored in the computer for later signal analyses. Speakers were explained 
the procedures of experiment, and was provided with practice time in order to familiarize 
them with the recording environment and speech materials. To maintain the naturalness of 
productions, all subjects were instructed not to emphasize the test words. 
In order to eliminate extraneous noise, the recording took place in a sound-isolated 
booth of the Speech Science Lab. To obtain the airflow signals, an anesthesia mask was 
placed and held tightly against the speaker’s face, covering both the mouth and the nose, in 
order to avoid air leakage from the peripheral. To obtain intraoral pressure, a polyethylene 
catheter was placed inside the oral cavity with the distal end connecting to an air-pressure 
transducer. During the experiment, the catheter was frequently checked for blockage by 
saliva. Speakers were also instructed not to bite on the catheter in order to obtain accurate 
pressure measurement. 
The speakers were asked to produce the 12 Cantonese words embedded in the carrier 
phrase three times in a random order. They were presented with index cards on which the 12 
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Cantonese words were printed. The cards were shuffled prior to the experiment. Recording of 
the 12 Cantonese words was followed by the /iphiphi/ syllable produced at six Cantonese 
tones for three times. All speech samples were produced at a comfortable loudness level and 
speech rate. 
Data Analysis 
Analyses of airflow rate and air pressure were carried out by using the WaveViewPro 
program and Aeroview program which are the accompanying software for the Aerodynamic 
System developed by Glottal Enterprises. Average airflow rate and the extrapolated 
subglottal pressure measured from the /iphiphi/ syllables produced at different tones were 
obtained. 
 
Figure 1: Illustration of airflow rate measurement from a typical airflow signal by using the 
WaveViewPro program. 
 
 The /ji/ and /si/ segments were being delineated by superimposing two markers on the 
digital flow waveform as illustrated in Figure 1. Afterwards, average airflow was obtained 
objectively from calculations of the program.  
 
Figure 2: Illustration of subglottal pressure measurement from a typical intraoral pressure 
signal by using the Aeroview program. 
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 Regarding extrapolated subglottal pressure, the two peak pressure values in each 
/iphiphi/ syllable were superimposed two markers as illustrated in Figure 2. The values from 
the two peaks were then averaged by the program. 
Statistical analyses 
To determine the possible effect of Cantonese tones on airflow rates and air pressure 
values, a mixed-design factorial repeated-measure ANOVA was used, with tone level as the 
within-subjects variable and gender as the between-subjects variable. The Huynh-Feldt 
correction was applied as sphericity assumption was not met. Post-hoc tests were 
implemented for further investigation. 
Reliability measures 
To ensure the reliability and consistency of measurement, 10% of the speech samples 
were retrieved and re-analyzed again randomly. The data obtained from the first and second 
measurements was compared using Pearson Product-Moment Correlation coefficient. The 
Correlation coefficients of airflow and air pressure were 0.99 and 0.99 (p < 0.01) respectively. 
This indicated high agreement of test-retest reliability. 
 
RESULTS 
Airflow measurement 
Average airflow rates of the six Cantonese tones are depicted in Table 1. The data 
indicate differences in average airflow rate among the six Cantonese tones. As shown in 
Table 1, tone 3 (mid-level tone) was associated with the highest mean airflow rate (119.40 
mL/s), and tone 4 (low-falling tone) showed the lowest mean airflow value (100.41 mL/s). 
Despite the different average airflow values across different tones, similar standard deviation 
values of airflow were observed for different tones (see Table 1). According to the data, tones 
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1 and 3 exhibited higher airflow rates than the other tones. 
 
Table 1. Mean, standard deviation and range of average airflow rates (in mL/s) of the six 
Cantonese tones (N = 1080). 
Tone Mean Standard Deviation Range 
1 118.69 56.85 12.33 -292.00 
2 112.68 55.03 10.09 - 287.44 
3 119.40 56.61 17.65 - 290.38 
4 100.41 55.58 12.13 - 236.28 
5 114.86 58.44 5.15 - 268.23 
6 115.58 59.13 12.79 - 271.69 
  
Results of ANOVA showed that there was no significant interaction effect between 
gender and tone (p > 0.01). However, significant main effect on airflow measurement was 
found for tone. This indicated that there were between-groups differences among different 
tones. Results of pairwise comparisons showed that only tone 4 was significantly different 
from all other tones in terms of airflow measurements (p < 0.01). 
Figure 3 depicts the average airflow rates associated with different Cantonese tones 
produced by male and female speakers. As illustrated in Figure 3, male speakers generally 
had higher airflow values than female speakers regardless of tone. Airflow rates associated 
with male speakers were significantly higher than those with female speakers (p < 0.01). The 
average airflow rates are shown in Table 2. 
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Figure 3. Average airflow (in mL/s) comparisons for 15 male (N = 540) and 15 female (N = 
540) subjects. 
 
Table 2. Average airflow (in mL/s) for each of the six tones for 15 male (N = 540) and 15 
female (N = 540) subjects. 
 Male Female 
Tone Mean Standard Deviation Range Mean Standard Deviation Range 
1 135.79 41.15 42.31 - 236.21 101.60 64.93 12.33 - 292.00 
2 126.52 40.85 51.44 - 229.26 98.84 63.51 10.09 - 287.44 
3 132.89 42.23 38.49 - 224.34 105.90 65.52 17.65 - 290.38 
4 119.84 50.94 14.98 - 227.59 80.98 53.43 12.13 - 236.28 
5 132.38 48.75 25.66 - 241.64 97.34 62.21 5.15 - 268.23 
6 131.94 46.58 34.78 - 266.45 99.21 65.73 12.79 - 271.69 
 
Air pressure measurement 
In the present study, subglottal pressure was estimated by interpolating the peak 
intraoral pressure values from the syllable /iphiphi/ produced at the six Cantonese tones. Table 
3 summarizes the average air pressure values associated with the six Cantonese tones. Tone 2 
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(high-rising tone) was associated with the highest subglottal pressure (11.13 cmH2O), and 
tone 6 (low-level tone) showed the lowest subglottal pressure value (10.32 cmH2O). 
According to Table 3, tones 1 and 2 were associated with higher subglottal pressure than the 
other tones. 
 
Table 3. Mean, standard deviation and range of estimated subglottal pressure (in cmH2O) of 
the six Cantonese tones (N = 540). 
Tone Mean Standard Deviation Range 
1 10.91 2.46 7.55 - 18.80 
2 11.13 2.38 6.10 - 17.20 
3 10.57 2.13 6.86 - 17.20 
4 10.38 2.09 6.33 - 16.40 
5 10.63 2.12 5.99 - 15.70 
6 10.32 2.17 5.95 - 15.90 
 
Results of ANOVA showed that there was no significant interaction between gender 
and tone (p > 0.01). Significant main effect was found for estimated subglottal air pressure 
measurements. This indicates that there was between-group difference in subglottal air 
pressure among different tones. Results of pairwise comparisons indicated that tone 2 was 
significantly different from tone 3, 4 and 6 in terms of air pressure measurements (p < 0.01). 
The measurements of all other pairs not mentioned were insignificant (p > 0.01). 
As illustrated in Figure 4, male speakers generally had a higher subglottal pressure 
values than female speakers across tones. Pairwise comparisons revealed that air pressure 
measurements of male speakers were not significantly (p > 0.01) higher than female speakers. 
The average subglottal pressures extrapolated from the /iphiphi/ syllable for different 
Cantonese tones are depicted in Table 4. 
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Figure 4. Extrapolated subglottal pressure (in cmH2O) between 15 male (N = 270) and 15 
female (N = 270) speakers. 
 
Table 4. Extrapolated subglottal pressure (in cmH2O) for each of the six tones for 15 male (N 
= 270) and 15 female (N = 270) speakers. 
 Male Female 
Tone Mean Standard Deviation Range Mean Standard Deviation Range 
1 10.95 2.39 7.61 - 16.80 10.88 2.55 7.55 - 18.80 
2 11.39 2.45 6.10 - 16.40 10.87 2.31 7.09 - 17.20 
3 10.60 1.89 7.68 - 14.80 10.54 2.37 6.86 - 17.20 
4 10.82 2.03 7.82 - 14.50 9.94 2.07 6.33 - 16.40 
5 11.02 2.39 5.99 - 15.70 10.23 1.75 6.50 - 14.70 
6 10.53 2.13 6.15 - 15.90 10.12 2.20 5.95 - 15.00 
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DISCUSSION 
The average airflow rates and estimated subglottal air pressure values associated with 
different Cantonese tones were obtained from native Cantonese male and female speakers. 
Although different tones were found to exhibit different average airflow rates and subglottal 
air pressure, only subglottal air pressure of tone 2 and average airflow of tone 4 were found to 
be significantly different from the other tones. The data do not seem to support the hypothesis 
that tones with higher f0 are associated with higher subglottal air pressure and airflow values, 
as suggested by Rubin (1986). 
 
Difference among the six Cantonese tones 
Data from the present study indicate that production of tones of higher f0 did not 
necessarily require a higher subglottal air pressure. This is in contrast to what Rubin 
suggested (1986). Not all high register tones (tones 1, 2 and 3) were significantly different 
from low register tones (tones 4, 5 and 6). This discrepancy may be explained by the fact that 
Rubin (1986) investigated professional vocalists who were well-trained, while the present 
study investigated only untrained adult speakers. Phonation by trained vocalists may be 
different from that by untrained lay speakers. 
Comparing the extrapolated subglottal pressure among the six tones, only tone 2 was 
significantly different from tones 3, 4 and 6. This may indicate that higher subglottal air 
pressure was possibly related to tones with both a high register and rising contour. Tones 1 
and 2 were not significantly different from each other perhaps because they are both high 
register tones; tones 2 and 5 were not significantly different from each other, possibly 
because they both have a rising contour. The fact that tone 1 was not significantly different 
from the other tones except tone 2 may imply that a high subglottal pressure is not the only 
requirement for a high register tone; the fact that tone 5 was not significant from other tones 
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except tone 2 indicated that having rising contour only did not necessarily lead to higher 
subglottal pressure. Tone 2 is different from tones 3, 4 and 6 in that tone 2 is a high rising 
tone. 
During production of high f0, cricothyroid muscle contracts to lengthen the vocal folds 
(Behrman, 2007). Lengthening of the vocal folds increases the stiffness and reduced mass per 
unit length of the vocal folds. The inertial force decreases and this leads to an increase in 
vibration rate resulting in higher frequency (Behrman, 2007). As a result, the elastic vocal 
folds vibrate more rapidly and yield a higher f0. Because of the elevated stiffness experienced 
by vocal folds at high f0, pitch changes more vigorously as tension changes than at lower f0. 
This may explain why subglottal pressure only differed significantly in tones of high register 
but not between tones of mid and low registers. 
According to Behrman (2007), an increase in subglottal pressure may also lead to an 
increase in the lateral excursion of the vibrating vocal folds. The increase in vocal fold 
vibratory amplitude raises the elastic recoil force and thus the rate of vocal fold vibration. 
This can potentially lead to the production of high f0 tone. However, the present study reveals 
that not all high register tones had higher subglottal pressure than low register tones. It 
follows that this mechanism of raising f0 by merely increasing subglottal pressure may not be 
sufficient in producing tones of high f0. The finding of higher subglottal pressure in the high 
rising tone (tone 2) may reveal that higher subglottal pressure is also a facilitating factor for 
producing high rising frequency tones. This perhaps is because a rapid rise in f0 is needed 
during production of tone 2. Additional subglottal effort (by increasing subglottal pressure) 
may be needed to achieve the rapid increase in rate of vocal fold vibration in addition to 
contractile activities from laryngeal musculatures. 
Except for tone 4, the present finding conversed with those reported by Rubin (1986). 
Present data revealed that transglottal airflow was not significantly different between tones 
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with higher and lower f0. This was based on the finding that tones 1, 2, 3, 5 and 6 had similar 
airflow characteristics. Such difference between the study by Rubin (1986) and the present 
study was likely to be related to difference in subject variety. Rubin (1986) utilized vocalists 
while the present study employed untrained lay speakers. The sound generation mechanism 
adopted by professional singers may not be the same as that used by lay speakers. Besides, 
Rubin (1986) studied non-speech materials (vowel /a/) while the present study investigated 
airflow of speech materials. The addition of semantic information to the speech materials in 
the present study may have some effects to the aerodynamic parameters. The present results 
seem to indicate that airflow was not the only factor associated with different Cantonese 
lexical tones. The tonal variation may be explained by speakers’ idiosyncratic muscular and 
aerodynamic activities during speech production (Isshiki, 1969, as cited in Baken & Orlikoff, 
2000). This means that speakers may have anatomical structures of different sizes and may 
have used different vocal tract postures, which led to differences in airflow, to signal different 
lexical tones. 
Among the six Cantonese tones, tone 4 showed interesting aerodynamic findings as it 
had significantly lower average airflow values when compared with all other tones. Data of 
low f0 tones (tones 5 and 6) indicated that lower airflow rate was not likely to be correlated 
with low register. At low f0, vocal fold tension decreases and mass per unit length increases 
(Zemlin, 1998). A relaxed vocal fold configuration is not likely to affect airflow significantly. 
Tone 4 differed from the other tones in that it had a falling contour and the lowest 
average f0 (Bauer & Benedict, 1997), which may have contributed to the lower airflow rates 
observed. This might be explained by the basic relationship between f0 and airflow values. A 
lower f0 represents a lower rate of vibration of vocal folds. Subsequently, slower rate of vocal 
fold vibration allows lower quantity of air to pass through the glottis in a unit of time. 
Therefore, it is reasonable to explain why tone 4, which has a lower f0, was related to a 
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significantly lower airflow values. The explanation is further supported by the fact that tone 4 
had a low subglottal pressure measurement among all the tones, especially in measurements 
of female subjects. 
The results of present study indicated that subglottal pressure and airflow values could 
not be used to identify between different tones. However, in clinical and research use, high 
estimated subglottal air pressure values may not be overestimated as dysphonic population if 
the measure is related to tone 2; similarly, low average airflow values may not be 
underestimated as abnormal if the measure is related to tone 4. This would contribute to more 
accurate diagnosis and evaluation of treatment of patients with dysphonia. 
 
Similarities and Difference between non-Cantonese norms and the present findings 
In an earlier study of English speakers, Isshiki, Okamura and Morimoto (1967) 
reported that the average airflow rate for females was 136 mL/s and that of males was 126 
mL/s. The present study showed comparable results in airflow rates, despite the language 
difference. The higher airflow rates in males when compared with females may be related to 
the anatomical differences between males and females. Adult males generally have longer 
and more massive vocal folds than adult females, as well as greater respiratory effort (Zemlin, 
1998). 
In a study of English speakers, Higgins and Saxman (1993) found that the average 
extrapolated subglottal pressure values for males and females were 5.81 cmH2O and 6.51 
cmH2O respectively. The air pressure values were lower than those obtained from the present 
study. This may be due to the fact that Cantonese is a tone language. The present data seem to 
suggest that the extrapolated subglottal pressure of Cantonese speakers seem to be higher 
than that of speakers of a non-tonal language. Production of tones may require greater 
pressure underneath the vocal folds. In addition, the subglottal pressure of males was not 
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significantly different from that of females. Gender difference has no effect on subglottal 
pressure values. 
The present study pointed out that gender would affect airflow rates; language would 
affect the values of extrapolated subglottal pressure. This may affect the design of an 
effective therapeutic regimen especially when dealing with speakers of a tone language. 
Clinicians should be aware of the effect of tone to the aerodynamic characteristics of speakers 
of a tone language. Data of the present study may serve as a normative database which allows 
sensible comparison between the normal population and dysphonic population. 
 
Limitation of the present study 
The present study investigated the aerodynamic characteristics of different Cantonese 
tones produced at comfortable pitch and loudness levels. To maintain naturalness of 
productions, no attempt was made to control the precise loudness level. However, previous 
studies indicated that intensity was closely related to airflow and air pressure (Baken & 
Orlikoff, 2000; Isshiki, 1969; Rubin, 1986). As a possible independent variable, intensity 
may to certain extent play a role in determining the airflow and subglottal pressure values. 
Future research is needed to confirm the influence of intensity and various aerodynamic 
parameters during production of different tones. 
Secondly, only young adults served as the speakers in the present research and only 
syllables /si/ and /ji/ were used. With the restricted age range and speech materials, the 
finding of the present study may not be generalizable to other populations such as 
preadolescent and senescent populations, as well as production in other contexts. Further 
research on other population is needed to validate the present findings. 
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CONCLUSION 
This present study answered two research questions. Firstly, the hypotheses that tone 
with higher f0 were associated with higher subglottal pressure and airflow values were not 
confirmed. On the contrary, only tone 2 was significantly different from tones 3, 4 and 6. 
This may indicate that higher subglottal pressure was possibly related to tones with both a 
high register and rising contour. Besides, it was found that lower airflow values was related 
to tone 4, perhaps because of its lower fundamental frequency when compared to the other 
tones. After answering these two research questions, we could conclude that airflow rate and 
subglottal pressure was not determinative in all tone productions. However, these two factors 
seem to have facilitating effects in certain tones. Secondly, the present study indicated that 
gender affects the airflow rate but not the subglottal pressure measurement. Hence, it is 
essential for clinicians to be aware of the gender difference when normative bases were 
referred. 
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Appendix A: Chinese consent form for subjects 
299/1005 amended 
參與硏究同意書  
 
粵音聲調的氣流動力學特性 
 
香港大學言語及聽覺科學誠意邀請您參與由四年級學生李馨如主理的研究
調查。這是一項關於粵音聲調的學術研究，旨在探討粵音聲調的氣流動力
學特性。 
 
您將要以自然的聲調及聲量: 
1. 朗讀十二句短句: 我會讀 (衣/ 椅/ 意/ 兒/ 耳/ 二/ 思/ 史/ 試/ 時/ 市/ 事) 俾
你聽；每句短句朗讀三次。 
2. 以粵音六個不同的聲調，朗讀/iphiphi/音節三次。 
 
朗讀的時候會戴上特製的氧氣口罩及需含著導管以紀錄氣流氣壓的數據，
這不會對身體有影響。紀錄過程中您可能會有少許不適或疲倦，所以在有
需要時您可以隨時稍作休息。整個過程需時約三十分鐘。 
 
是次研究並不為閣下提供個人利益，但所搜集數據將對研究粵音聲調提供
寶貴的資料。是次參與純屬自願性質，您可隨時終止參與是項行動，有關
決定將不會引致任何不良後果。所收集的資料只作研究用途，個人資料將
絕對保密。您有權要求聽回個人的錄音樣本，也有權要求銷毀所有或部分
樣本。如您對是項研究有任何問題，請現在提出。 
 
如日後您對是項研究有任何查詢，請與李馨如聯絡(電話號碼: 98835022 / 
電郵地址: fairen@hkusua.hku.hk)。如您想知道更多有關研究參與者的權
益，請聯絡香港大學非臨床研究操守委員會 (2241-5267)。 
 
如您明白以上內容，並願意參與是項研究，請在下方簽署。 
 
 
硏究參與者姓名：      
 
 
硏究參與者簽署：_______________________ 
 
 
簽署日期：_____________________________ 
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Appendix B: Chinese case history form for subjects 
 
個人資料 
 
姓名:___________________(中文)   
     ______________________________________ (英文) 
性別:__________ 
年齡:__________ 歲; 出生日期: ____________________ 
 
1. 你有沒有聲線的問題? 
□有                 □沒有 
2. 你有沒有呼吸的疾病? 
□有                 □沒有 
3. 你有沒有聽覺的疾病? 
□有                 □沒有 
4. 你在香港居住超過十年嗎? 
□是                 □不是 
5. 你的母語是廣東話嗎? 
□是                 □不是 
6. 你有接受過拼音或語言學的訓練嗎? 
□有                 □沒有 
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Appendix C: English consent form 
297/1005 
A Informed Consent Form for Adult  
 
Aerodynamic Characteristics of Cantonese Tones 
 
You are invited to participate in a research study conducted by Year 4 speech and hearing 
science student, Lee Hing Yu in the Department of Speech and Hearing Sciences at the 
University of Hong Kong. 
 
PURPOSE OF THE STUDY 
The proposed research will investigate how Cantonese tones and aerodynamic parameters 
such as airflow and air pressure values are related.  
 
PROCEDURES 
Participants will be asked to produce 12 Cantonese words (衣, 椅, 意, 兒, 耳, 二, 思, 史, 試, 
時, 市, 事) embedded in a carrier phrase (我會讀 ______俾你聽) for three times for each 
word. In addition, participants will be asked to produce syllables /ipʰipʰi/ at the six 
Cantonese tones. All the productions will be at a comfortable loudness level and speech rate. 
During speech production, an anesthesia mask will be held tightly against the speaker’s face. 
Moreover, a polyethylene catheter will be placed inside the oral cavity during speech 
production. The procedures will take about 30 minutes. 
 
POTENTIAL RISKS / DISCOMFORTS AND THEIR MINIMIZATION 
The procedures are non-invasive. You may experience some mild fatigue and discomforts 
during the procedure. Such fatigue and/or discomforts will be kept to a minimum because the 
tasks are self-paced and you are free to take short breaks. 
 
POTENTIAL BENEFITS 
There are no direct benefits to you. However, the research project can provide valuable information on 
aerodynamic characteristics of Cantonese tone. This information in turn could help better understand 
production of tones in a tone language. 
 
COMPENSATION FOR PARTICIPATION 
Participants will not be given any compensation.  
 
CONFIDENTIALITY 
Any information obtained in this study will remain very strictly confidential, will be known 
to no-one, and will be used for research purposes only. Codes, not names, are used on all test 
instruments to protect confidentiality. 
You can review the audio-recording of the procedure. We will erase the entire audiotape or 
parts of it if you want us to do so. 
 
PARTICIPATION AND WITHDRAWAL 
Your participation is voluntary. This means that you can choose to stop at any time without 
negative consequences. 
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QUESTIONS AND CONCERNS 
If you have any questions or concerns about the research, please feel free to contact Lee Hing 
Yu at HKU, telephone: 98835022; Email: fairen@hku.hk. If you have questions about your 
rights as a research participant, contact the Human Research Ethics Committee for Non-
Clinical Faculties, HKU (2241-5267). 
 
 
SIGNATURE 
 
I _________________________________ (Name of Participant) 
 
understand the procedures described above and agree to participate in this study. 
 
            
Signature of Participant Date 
Date of Preparation: [Date] 
HRECNCF Approval Expiration date: 
 
 
 
